Reproductive Biology of Amblema neislerii,

Elliptoideus sloatianus, Lampsilis subangulata,

Medionidus penicillatus, and Pleurobema

pyriforme (Bivalvia: Unionidae): final report by O'Brien, Christine
FINAL REPORT
Reproductive Biology of Amblema neislerii,
Elliptoideus sloatianus, Lampsilis subangulata,
Medionidus penicillatus, and Pleurobema
pyriforme (Bivalvia: Unionidae)
Prepared for
u.s. Fish and Wildlife Service
6620 Southpoint Drive, S. Suite 310
Jacksonville, FL 32216-0912
by
Christine O'Brien
U..S • Geological Survey
Biological Resources Division
Florida Caribbean Science Center
7920 N.W. 71st Street
Gainesville, FL 32653
December 17, 1997
. . . . . . 25
· 38
. . . . 40
TABLE OF CONTENTS
ABSTRACT
ACKNOWLEDGMENTS
LIST OF TABLES
LIST OF FIGURES .
INTRODUCTION
Historical Background. .
Freshwater Mussel Biology
METHODS AND MATERIALS
Study Area . . . . . . .
Target Mussel Species . . .
Reproductive Biology . . . . . . . . . . . .
Glochidial Reaction to Nonindigenous Fish
Glochidial Morphology
RESULTS . . . .
Reproductive Biology .
Glochidial Reaction to Nonindigenous Fish
Glochidial Morphology . . .
DISCUSSION
· ii
iii
iv
v
1
1
2
· 11
· 11
· 11
. . . . 14
• • • 23
• • • 23
25
· 47
Reproductive Biology .
Glochidial Reaction to
Glochidial Morphology
Future Studies . . . .
APPENDICES
Nonindigenous Fish
47
· 54
· 55
59
A-1 SITE RECORDS FOR MUSSEL COLLECTIONS .
B-1 SITE RECORDS FOR FISH COLLECTIONS .
LITERATURE CITED
i
· . . 61
• • 63
• • 65
ABSTRACT
A study on the reproductive biology of Amblema
neislerii, Elliptoideus sloatianus, Lampsilis subangulata,
Medionidus penicillatus, and Pleurobema pyriforme was
conducted from May 1995 to May 1997. The objectives of this
study were as follows: 1) determine period of gravidity for
each of the five mussel species, 2) determine host fish via
laboratory experiments, 3) test whether unionid glochidia
will transform on a nonidingenous fish, and 4) describe the
glochidial morphology for each of the five mussel species
using a scanning electron microscope. Amblema neislerii are
tachytictic breeders and were found with mature glochidia in
May. Elliptoideus sloatianus are tachytictic breeders and
were found with mature glochidia from late February to early
April. Lampsilis subangulata are bradytictic breeders and
were found with mature glochidia from December to August.
Superconglutinates were released by L. subangulata from late
May to early July. Medionidus penicillatus are bradytictic
breeders and were found with mature glochidia in November
and February to April. Pleurobema pyriforme are tachytictic
breeders and were found with mature glochidia from March to
July. The following fish species served as hosts for A.
neislerii: Notropis texanus, Lepomis macrochirus, L.
microlophus, Micropterus salmoides, and Percina
nigrofasciata. The following fish species served as hosts
for E. sloatianus: Gambusia holbrooki, Poecilia reticulata,
and P. nigrofasciata. The following fish species served as
hosts for L. subangulata: G. holbrooki, P. reticulata, L.
macrochirus, Micropterus punctulatus, and M. salmoides. The
following fish species served as hosts for M. penicillatus:
G. holbrooki, P. reticulata, Etheostoma edwini, and P.
nigrofasciata. The following fish species served as hosts
for P. pyriforme: Pteronotropis hypselopterus, G.
holbrooki, and P. reticulata. Poecilia reticulata, a
nonindigenous fish, served as a host for E. sloatianus, L.
subangulata, M. penicillatus, and P. pyriforme.
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INTRODUCTION
Historical Background
Historically, North America was known for its rich
mussel fauna with about 300 species recognized (Turgeon et
al. 1988). Since the early 1900s, at least 7% of this fauna
has become extinct, about 40% of the species are federally
listed as endangered or threatened, 24% are of special
concern, and the status of 5% are undetermined (Williams and
Neves 1995). The reasons for this decline are not well
understood, although the primary cause is thought to be loss
of suitable habitat caused by increased sediment loading and
channel alterations, such as dredging, followed by
introductions of nonindigenous species and pollution
(Ortmann 1909, Fuller 1974, Williams et al. 1993). In
addition, mussels are obligate parasites on fish, and recent
declines in the North American fish fauna may also have
negative effects on mussel populations (Allan and Flecker
1993). Freshwater mussels, fish, and other aquatic species
in North America have an imperilment rate three to eight
times greater than the imperilment rate of North American
avian and mammalian faunas (Master 1990).
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2In 1994, seven species of mussels from the eastern Gulf
of Mexico drainage were proposed for federal listing as
endangered or threatened species under the Endangered
Species Act of 1973. These species included the fat
threeridge (Amblema neislerii), Chipola slabshell (Elliptio
chipolaensis), purple bankclimber (Elliptoideus sloatianus),
shinyrayed pocketbook (Lampsilis subangulata), Gulf
moccasinshell (Medionidus penicillatus), Ochlockonee
moccasinshell (Medionidus simpsonianus), and oval pigtoe
(Pleurobema pyriforme) (U.S. Fish and Wildlife Service 1994).
Freshwater Mussel Biology
Freshwater mussels are an important component of the
aquatic ecosystem, removing toxins, silt, and other organic
material from the water column, and providing food for fish
and wildlife (Stansbery and Stein 1971, Williams et al.
1993). Freshwater mussels are also good indicators of water
quality because they are long lived, widely distributed,
relatively sedentary organisms which are sensitive to
pollution (Stansbery and Stein 1971) .
Freshwater mussels are unique among bivalves in that
most require a host fish to complete their life cycle
--- -------------------------------------------.----_.--------_.--._._--._------
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(Figure 1-1). Unlike male and female marine bivalves, which
release sperm and eggs into the water column, fertilization
of freshwater mussels takes place within the suprabranchial
chamber of the female mussel (Jirka and Neves 1992). A
female mussel carrying embryos in the marsupial gills is
usually identified by the gill's swollen appearance (Coker
1919). The fertilized eggs remain in the marsupial gills
until they develop into a parasitic stage called glochidia
(Lefevre and Curtis 1912, Coker 1919).
Mussels have been categorized into two groups based on
their embryo incubation period (Lefevre and Curtis 1912,
Waller and Holland-Bartels 1988). The first group,
tachytictic (short-term) breeders, fertilize eggs in the
spring and release glochidia in the fall. The second group,
bradytictic (long-term) breeders, fertilize eggs in late
summer, hold the glochidia through the winter, and release
glochidia the following spring or early summer. When fully
developed, the female mussels release the glochidia into the
water column where they must come into contact with a proper
host fish. Once attached to the host fish, the glochidia
become encysted, metamorphose, and drop to the substrate to
become free-living juveniles. Glochidia failing to come
into contact with a suitable host will drift through the
water column, surviving for only a few days (Jansen 1990) .
4@ Sperm~ '. ,r-;
.' , ..;".~I ... .... :... ..... .,. ..~Glochidia
Female
. 1 1 Freshwater mussel life cycle.FIgure - .
0--Juvenilemuss.
-:
--------",----"--------------_._--
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The mussel/fish relationship is often species-specific
(Lefevre and Curtis 1912). However, some mussel species
(e.g., Strophitus sp. and Utterbackia sp.) do not require a
host fish to complete their life cycle (Lefevre and Curtis
1912, Howard 1914) .
Some female mussel species attempt to increase the
chance of glochidia contacting a suitable host fish by
releasing glochidia when light sensitive spots on the mantle
are stimulated by the shadow of a passing fish (Kraemer
1970, Jansen 1990, Weiss and Layzer 1995). Other female
mussels lure host fish by extending brightly colored
portions of their mantles to mimic prey (Coker et al. 1921,
Kraemer 1970). The lures displayed by the female mussels
disillusion the host fish by mimicking a consumable meal.
When the host fish attempts to consume a mimic lure, the
female mussel releases glochidia into the water column where
attachment to the host fish can occur (Weiss and Layzer
1995) .
Some mussel species release individual glochidia, while
others release glochidia in the form of conglutinates. A
conglutinate is a packet of glochidia, or eggs, that takes
the shape of water tubes of the marsupial gills of female
6mussels. The size and shape of a conglutinate depends on
the species of mussel (Lefevre and Curtis 1912). Releasing
glochidia as a conglutinate is thought to enhance host fish
attraction. When the host fish attempts to consume the
conglutinate, mistaking it for food, the glochidia are
released and attach to the fish (Weiss and Layzer 1995, Haag
and Warren 1997).
Perhaps one of the most amazing uses of a fish mimic is
that of a superconglutinate (Haag et al. 1995, Hartfield and
Butler 1997). The superconglutinate fuses all of the
conglutinates together within a mucus strand forming a
modified conglutinate (Figure 1-2) (Haag et al. 1995,
Hartfield and Butler 1997). The modified conglutinate holds
the entire reproductive efforts for the year in a package
that mimics a small fish (Haag et al. 1995, Hartfield and
Butler 1997) .
The length of the modified conglutinate ranges from
three to six centimeters (Hartfield and Butler 1997). The
modified conglutinate not only resembles a small fish in
size and shape, but in coloration as well. Pigmentation on
the modified conglutinate is in the form of a lateral band
and eye spot. During the production of the
Superconglutinate
I I
::- ~
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Water current
-.
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Figure 1-2. Female Lampsilis subangulata releasing a superconglutinate. (not drawn to scale)
8superconglutinate, the water currents move the fish mimic in
motions that are similar to a small fish (Haag et al. 1995,
Hartfield and Butler 1997).
The mimic fish lure (modified conglutinate) is attached
to a mucus thread which can be produced to lengths exceeding
2 meters (Haag et al. 1995, Hartfield and Butler 1997) .
After the superconglutinate is released, which can take
about five hours, the female mussel discontinues the
production of mucus, and the superconglutinate breaks free
from her excurrent siphon. The female mussel then reburies
herself in the substrate (Hartfield and Butler 1997). After
detaching from the female, the superconglutinate drifts
passively in the stream current. The fate of the
superconglutinate now depends on the chance that the current
will wrap it around a rock, branch, or any structure in the
stream where it will continue to mimic prey for a
piscivorous host fish (Haag et al. 1995). When a fish
attempts to consume the lure, thousands of the glochidia are
released and attach to the gills of the fish.
Knowledge about the reproductive biology of many
freshwater mussels remains incomplete (Jansen 1990). For
example, host fish for only 25% of the 300 mussel species in
9North America have been identified (Watters 1992), although
recent studies are gradually expanding that number (e.g.,
Weiss and Layzer 1995, Haag and Warren 1997, Roe and
Hartfield 1997). Host fish information is lacking most in
the southeast where roughly 80% of the freshwater mussel
species occur (Burch 1973) .
Conservation efforts could be enhanced if the host fish
were identified for individual mussel species, especially
those species proposed or listed as threatened or
endangered. There are two methods used to identify host
fish for freshwater mussels: laboratory experiments and
through the identification of encysted glochidia collected
from fish in streams. In the laboratory, known species of
glochidia are exposed to known fish species. The fish are
then held until transformed glochidia drop from the fish. A
fish species that produced juvenile mussels in the
laboratory and was also found with encysted glochidia from
the same mussel species in a stream would be a confirmed
host fish (Trdan and Hoeh 1982, Weaver et ale 1991).
The four main objectives of this study were as follows:
1) determine when Amblema neislerii, Elliptoideus
sloatianus, Lampsilis subangulata, Medionidus penicillatus,
and Pleurobema pyriforme produce mature glochidia, 2)
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identify the primary host fish for these five mussel
species, 3) test whether a nonindigenous fish has an
immunity to glochidia of the target mussel species, and 4)
describe the glochidia of each of these mussel species using
scanning electron microscopy (SEM).
MATERIALS AND METHODS
Study Area
The Apalachicola, Chattahoochee, and Flint (ACF) River
drainage, and Ochlockonee River drainage collectively cover
approximately 56,680 km2 of the southeastern United States
(Leitman et al. 1983, Leitman et al. 1991). The majority of
mussel species occur in the low gradient streams of the
Coastal Plain and Piedmont physiographic regions. Most
streams in the Coastal Plain typically have substrates of
coarse sand, silty sand, and gravel. However, the substrate
of the Chattahoochee River consists of a coarser substrate
of cobble, boulders, and bedrock. The ACF and Ochlockonee
river basins are known for their rich .aquatic fauna (Butler
1989, Leitman et al. 1991, Couch et al. 1996).
Target Mussel Species
Amblema neislerii, the fat threeridge, is a medium-
sized mussel with a maximum length of 102 rom. Amblema
neislerii is usually found in stable sandy/silt areas along
stream banks (Heard 1975). Historically, A. neislerii was
11
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found in the main channels of the Apalachicola, Chipola, and
Flint rivers. Currently, A. neislerii is only found in the
Apalachicola and lower Chipola rivers (U.S. Fish and
Wildlife Service 1994) .
Elliptoideus sloatianus, the purple bankclimber, is a
large mussel with a maximum length of 203 mm, and is usually
found in sand, silty sand, and cobble in moderate current
(Heard 1975). Elliptoideus sloatianus is most commonly
found in deeper sections of flowing streams and does not
tolerate impounded waters (Williams and Butler 1994).
Endemic to the ACF and Ochlockonee rivers, it is presently
restricted to the mainstem of the Flint, Apalachicola, and
Ochlockonee rivers (U.S. Fish and Wildlife Service 1994).
Lampsilis subangulata, the shinyrayed pocketbook, is a
medium-sized mussel with a maximum length of 85 mm, and is
found in coarse sand, silty sand, and gravel substrates in
moderate to slow currents (Clench and Turner 1956).
Lampsilis subangulata is usually not found in impounded
waters. Historically, L. subangulata was found in the
Flint, Chattahoochee, Chipola, and Ochlockonee mainstem and
tributaries, and in several tributaries of the Apalachicola
River (U.S. Fish and Wildlife Service 1994). Today, the
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distribution of L. subangulata has declined to one-third of
its historical +ange. Currently, populations occur in Uchee
Creek (a tributary of the Chattahoochee River), and a few
sites in the Flint, Chipola, and Ochlockonee river systems
(U.S. Fish and Wildlife Service 1994).
Medionidus penicillatus, the Gulf moccasinshell, is a
small mussel with a maximum length of 53 mm (Clench and
Turner 1956). Medionidus penicillatus is found in sand and
gravel areas with slow to moderate currents (Heard 1975) .
Medionidus penicillatus has not been found in impounded
river sections. Historically, M. penicillatus was found in
tributaries and the main channels of the Chattahoochee and
Flint rivers, and tributaries of the Apalachicola River
(Clench and Turner 1956). The overall distribution of M.
penicillatus has declined by 75% of its original range (U.S.
Fish and Wildlife Service 1994).
Pleurobema pyriforme, the oval pigtoe, is a small-sized
mussel with a maximum length of 56 mm, and is usually found
in substrate ranging from sand to sand/gravel, usually in
the center of stream channels (Clench and Turner 1956, Heard
1975). Pleurobema pyriforme does not tolerate impoundments
(Williams and Butler 1994). Pleurobema pyriforme was once
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found in the mainstems of the ACF, Suwannee, and Ochlockonee
river systems, as well as Econfina Creek systems (Clench and
Turner 1956). Recent surveys indicate the current
distribution of P. pyriforme encompasses two-thirds of its
historical distribution with no current populations
documented in Alabama (U.S. Fish and Wildlife Service 1994).
Reproductive Biology
Mussels were collected monthly and inspected for
gravidity (mature glochidia and/or eggs) from May 1995 to
June 1997. Some monthly collections were not conducted due
to adverse field conditions. Mussels were collected by
hand, using snorkeling and scuba gear, from the following
streams known to have extant populations of the five target
mussel species: Apalachicola River mainstem, Ochlockonee
River mainstem, and three tributaries (Chickasawhatchee,
Cooleewahee, and Kinchafoonee creeks) of the Flint River.
Amblema neislerii were collected monthly from a site in
the Apalachicola River from May 1996 to June 1997.
Elliptoideus sloatianus were collected from a site on the
Apalachicola River and two sites on the Ochlockonee River
from September 1995 to April 1997. Lampsilis subangulata
15
were collected from three tributaries of the Flint River
from May 1995 to July 1996. Medionidus penicillatus and
Pleurobema pyriforme were collected from two tributaries of
the Flint River from February 1996 to January 1997 (Appendix
A-1) .
Mussels were slightly pried open 0.5 cm using a dull
knife or by hand and the gills were visually inspected for
gravidity. When gravid mussels were found, they were
separated by species, carefully put into plastic bags, and
placed into coolers with enough ice to maintain the stream
temperature during the transport to the u.s. Geological
Survey (USGS) laboratory in Gainesville, Florida. Once at
the laboratory, the mussels were inspected further to
determine what developmental stage the eggs or glochidia
were in.
Procedures for removing the glochidia did not result in
sacrificing the mussels. After removing the glochidia the
mussels were returned to the same site from which they were
collected. When mature glochidia were collected from the
mussels, three subsamples were set aside. The first
subsample was used to test for glochidia-viability by
observing a snapping response when the glochidia were
16
exposed to salt crystals (Zale and Neves 1982). The second
subs ample of glochidia was used to determine how long the
glochidia remained viable once they had been released by the
female mussel. The third subsample of glochidia was
preserved in 70% ethanol and later used for SEM. The
remaining glochidia were used to perform laboratory host
fish experiments.
The mechanisms for releasing glochidia vary slightly
from species to species; therefore, the techniques used to
collect glochidia from each mussel species was slightly
different. Once at the laboratory, Amblema neislerii and
Elliptoideus sloatianus were held in plastic tubs on the
bottom of large holding tanks (diameter 3 m; depth 1 m) .
The mussels were then observed daily until glochidia or eggs
were released.
Gravid female Lampsilis subangulata were identified by
their swollen outer gills with dark pigmentation. When
gravid females were found, they were brought back to the
laboratory and placed into a current tank. The current tank
contained substrate, water temperature, and photoperiod
similar to the stream from which the mussels were collected.
Lampsilis subangulata expelled glochidia via
17
supercong1utinates which made collecting glochidia easy.
Once the females were placed in the tank, superconglutinates
were released within a month. The superconglutinate was
stirred in a beaker until the mimic lure tore, thereby
releasing the glochidia.
The period of superconglutinate release was determined
by surveying for superconglutinates in Cooleewahee Creek
from May to June 1995, and May to July 1996. The
temperature and number of superconglutinates found were
recorded for each survey date.
Gravid Medionidus penicillatus were identified in the
field by their swollen outer gills. Unlike the other four
species, M. penicillatus did not release glochidia in the
laboratory. Glochidia were successfully collected from
individual mussels by making a small incision in the gill
and washing the glochidia with a squirt bottle into a small
petri dish. Each mussel that underwent this glochidial
removal technique was observed for two to four weeks after
the procedure was performed to determine survivorship.
Fortunately, all of the female mussels survived this
glochidial removal technique.
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Of the five mussel species, it was most difficult to
obtain viable glochidia from Pleurobema pyriforme. Female
P. pyriforme were highly sensitive to handling and, as a
result, aborted their glochidia prematurely. In order to
maximize the collection of viable glochidia, female mussels
were not inspected in the field. Collections of 12 to 18
individuals of this non-sexually dimorphic species were
transported to the laboratory and placed into three
different 4 liter holding containers. The bottoms of the
containers were siphoned through a 105 ~m mesh sieve and
inspected for viable glochidia daily.
Twenty-one species of fish, representing seven
families, were used in the host fish identification
experiments (Table 2-1). Fish used in the experiments were
purchased from fish hatcheries or collected in streams
located in the ACF and Ochlockonee river drainages. Fish
collections were conducted as needed from April 1995 to July
1996 in Tired Creek, Grady County, Florida; Jones Creek,
Worth County, Georgia; and Bear Creek, Gadsden County,
Florida (Appendix B-1). One fish species, Moxostoma
robustrum, used in the host fish experiments for
Elliptoideus sloatianus, is not native to the ACF and
Ochlockonee river drainages. However, there are Moxostoma
19
Table 2-1. The scientific and common names of the fish
used in the host fish identification experiment.
Scientific Name
CYPRINIDAE
Notropis harperi
Notropis petersoni
Notropis texanus
qpsopoeodus emiliae
Pteronotropis hypselopterus
CATOSTOMIDAE
Erimyzon sucetta
Moxostoma robustum
ICTALURIDAE
Ameiurus natalis
Ictalurus punctatus
Noturus lepta canthus
POECILIIDAE
Gambusia holbrooki
Poecilia reticulata
PERCICHTHYIDAE
Morone saxatilis
CENTRARCHIDAE
Lepomis auritus
Lepomis gulosus
Lepomis macrochirus
Lepomis microlophus
Micropterus punctulatus
Micropterus salmoides
PERCIDAE
Etheostoma edwini
Percina nigrofasciata
Common Name
redeye chub
coastal shiner
weed shiner
pugnose minnow
sail fin shiner
lake chubsucker
robust redhorse
yellow bullhead
channel catfish
speckled madtom
eastern mosquitofish
guppy
striped bass
redbreast sunfish
warmouth
bluegill
redear sunfish
spotted bass
largemouth bass
brown darter
blackbanded darter
Scientific nomenclature follows that of Robins et al. 1991.
------ ----- ------------- ---------
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spp. native to both drainages. Moxostoma robustrum was used
to test Bruenderman and Neves' (1993) assertion that
congeneric fish species can frequently be used as host fish
for the same mussel species.
Fish were collected via electroshocking and dip netting
from streams absent of unionids or known to have low unionid
densities, in order to avoid using fish with prior or
existing glochidial attachments or that could have developed
immune responses from past infections (Yeager and Neves
1986). Aerated coolers were used to hold the fish during
transportation to the laboratory. Fish purchased from fish
farms and collected in streams were separated by species and
placed into a 40 liter flow through holding tank at the USGS
laboratory. The fish were held in the tanks for one to two
weeks before the experiments were conducted, which allowed
the fish time to acclimate and any previously attached
glochidia to drop from the fish (Zale and Neves 1982, Haag
and Warren 1997) .
After determining the glochidia were viable (as
outlined in Zale and Neves 1982), one to two thousand
glochidia were placed into 500 ml beakers. Each beaker
contained several fish of the same species. Larger fish
------------ --------------------------------------------------_.-.---------
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(e.g., Ictalurus punctatus, Morone saxatilis, Lepomis spp.,
and Micropterus salmoides) were placed into 1000 ml beakers
or 20 liter buckets with three to four thousand glochidia.
Glochidia were suspended by two to three aeration hoses for
30 minutes.
After 30 minutes, fish were removed from the glochidia
mixture and placed in separate 4 liter containers (larger
fish species were placed into 44 liter containers), so that
each fish occupied a single tank. When space was limited,
several fish of the same species were placed into 44 liter
tanks. A plastic screen was placed on the bottom of each
container to discourage the fish from consuming the juvenile
mussels after transformation. The 4 liter containers were
then placed into a large flow through bath to maintain an
equal temperature range (20.5°C to 23.5°C) for all of the
fish in the experiment.
Each container was siphoned for juvenile mussels every
third day, starting the third day after the fish were
exposed to glochidia. The contents of each container were
siphoned through a 6.35 rom tube and into a 105 ~m nylon mesh
sieve. The sieve was then rinsed into a petri dish and the
contents were examined under a dissecting microscope.
22
Transformed glochidia (juveniles) were defined as free-
living glochidia possessing gill buds, a ciliated foot
complete with protractor and retractor muscles, and a pair
of abductor muscles (Karna and Millemann 1978). When
juvenile mussels were found, the tanks were siphoned daily
until no juveniles were collected for three consecutive
days. When no juveniles were collected one month after the
fish were infected with glochidia, the fish were inspected
under a microscope for encysted glochidia. If no encysted
glochidia were found, the fish species was deemed a non-host
for that mussel species. If encysted glochidia were found
on a live fish, the fish was returned to the aquarium and
reinspected each week until no encysted glochidia were
found. Fish that died before the experiment was finished
were inspected for encysted glochidia under a dissecting
microscope. When encysted glochidia were found on a dead
fish, and if more than half of the fish in the experiment
died, the experiment was repeated.
In prior host fish experiments (Coker et al. 1921, Zale
and Neves 1982, Weaver et al. 1991, Haag and Warren 1997),
fish of the same species were held in a single container.
This experiment was designed to identify the number of
juvenile mussels produced from each individual fish.
23
Variations in the total number of fish that produce juvenile
mussels, as well as the number of juveniles produced by each
individual fish, can give an indication of the effectiveness
of each fish species in serving as a suitable host fish.
Glochidial Reaction to Nonindigenous Fish
Poecilia reticulata were exposed to glochidia from
Elliptoideus sloatianus, Lampsilis subangulata, Medionidus
penicillatus, and Pleurobema pyriforme to test whether fish
nonindigenous to North America may lack a natural immunity
to North American freshwater mussels. Poecilia reticulata
were infected using the same methods as previously
discussed.
Glochidial Morphology
Tissue inside the glochidia was removed by soaking the
glochidia in a 5% bleach solution for ten minutes. The
glochidia were then rinsed several times with tap water and
preserved in 70% ethanol (Kennedy et al. 1991, Waller et al.
1988). The preserved glochidia were placed on double-sided
carbon adhesive tabs that were positioned onto mounting
24
pegs. After the specimens were dry (about 15 minutes),
three small smudges of graphite cement were placed at the
edge of the carbon tape and the mounting peg. The mounted
glochidia were then coated with 200 angstroms of gold-
palladium alloy and examined under an ETEC Autoscan scanning
electron microscope (Hoggarth 1988, Kennedy et al. 1991).
Glochidia shell surface, lateral view, and micropoints were
photographed for each of the mussel species. Measurements
of the glochidia were made by averaging the measurements of
ten glochidia under a dissecting microscope with an ocular
micrometer.
RESULTS
Reproductive Biology
Developing glochidia and eggs were observed from
Amblema neislerii collected in early May 1997. Mature
glochidia were collected from A. neislerii in early June
1997, when water temperatures reached 24.0°C. Amblema
neislerii were inspected for glochidia July 1996, November
1996, February 1997, March 1997, and April 1997, but were
not found. Amblema neislerii is therefore considered a
tachytictic breeder (Table 3-1).
Amblema neislerii glochidia were released in a white
sticky web-like mass. A closer inspection of the web-like
mass revealed glochidia producing sticky larval threads.
When water currents were made by a swimming fish or the
aerators used in the experiment, the mass expanded and
wrapped around the body of the fish allowing the glochidia
to attach to the fins and gills. Glochidia remained viable
for two days after being released from the female mussel.
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Table 3-1. Months when the mussels were inspected for gravidity between
May 1995 and April 1997.
May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr
AN X* X 0 -- -- -- 0 -- -- 0 0 0
ES 0 0 0 0 0 0 0 0 0 X* X X
LS X X X X -- -- -- X X X X X
MP 0 0 0 0 * -- X -- -- X X X
PP X* X* X* 0 -- -- 0 -- 0 0 X* X*
AN = Amblema neislerii, ES = Elliptoideus sloatianus, LS = Lampsilis sUbangulata,
MP = Medionidus penicillatus, PP = Pleurobema pyriforme. 0 = not gravid, X = mature
glochidia, * = developing eggs, and -- = not inspected.
N
OJ
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Five potential host fish were identified from seven
fish species that were exposed to Amblema neislerii
glochidia: Notropis texanus, Lepomis macrochirus, L.
microlophus, Micropterus salmoides, and Percina
nigrofasciata (Table 3-2). Glochidia transformation
required 10 to 14 days in water temperatures of 23.0 oe ±
1.5°e. Unfortunately, space was limited and the fish were
not held separately (one fish per container) during this
host fish experiment. Determining the number of juveniles
produced by each fish was not possible; therefore only the
fish species that successfully produced juvenile mussels
were reported.
Elliptoideus sloatianus eggs were released in early
February (1996) as rigid white conglutinates. The flat
conglutinates were 10 to 15 rom long, 1.5 rom wide (at the
middle), approximately two glochidia thick, and tapered to
points at each end (lanceolate shape). Most of the
conglutinates were released as single conglutinates, but a
few were released as pairs, attached at one end, forming V-
shaped conglutinates. Mature glochidia were collected from
E. sloatianus from late February through mid-April (1996 and
1997), when water temperatures ranged from 8.0 o e to 15.0 o e
(Table 3-1). Elliptoideus sloatianus are therefore
Table 3-2. Host fish and non-host fish for Amblema neislerii.
Fish species Number of
individuals
Number of
juveniles
Days to
transformation
Notropis texanus* 6 18
Noturus leptacanthus* 3 0
Gambusia holbrooki* 12 0
Lepomis macrochirus* 10 267
Lepomis microlophus* 9 131
Micropterus salmoides* 5 (#2) 19
Percina nigrofasciata* 6 134
10-14
10-14
10-14
10-14
10-14
tv
co
* indicates the fish were not separated for the host fish
experiment. # indicates the number of fish, with encysted
glochidia, that died before transformation. The average water
temperature during the experiment was 23.0°C ± 1.5°C.
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considered a tachytictic breeder. Unlike the rigid egg
conglutinates, mature glochidia were released in
conglutinates that easily disintegrated when disturbed.
Elliptoideus sloatianus glochidia remained viable for three
days after they were released by the female mussel.
There was concern that the Elliptoideus sloatianus
collected for this project were not old enough (large
enough) to produce mature glochidia. However, glochidia
were collected from E. sloatianus individuals as small as
120 mm long (anterior to posterior edge) .
Three potential host fish were identified from 14 fish
species exposed to Elliptoideus sloatianus glochidia:
Gambusia holbrooki, Poecilia reticulata, and Percina
nigrofasciata (Table 3-3). Transformation of the glochidia
required 17 to 21 days on G. holbrooki, 16 to 21 days on P.
reticulata, and 20 days on P. nigrofasciata in water
temperatures of 20.5°e ± 3°e.
Gambusia holbrooki were highly effective at
transforming Elliptoideus sloatianus glochidia. One hundred
percent of the fish exposed to glochidia produced juvenile
mussels. In contrast, 33% of the Poecilia reticulata and
Table 3-3. Host fish and non-host fish for Elliptoideus sloatianus.
Number of fish
Fish species infested with
glochidia
that produced
juvenile mussels (%)
Mean number of
juveniles produced
per fish ± 3D
Days to
transformation
Notropis texanus 5 0
Pteronotropis hypselopterus 5 0
Moxostoma robustum 12 0
Erimyzon sucetta* 5 0
Ictalurus punctatus* 5 0
Ameiurus natalis* 3 0
Gambusia holbrooki 7 7(100)
Poecilia reticulata 6(+2) 2 (33)
Lepomis auritus 3 0
Lepomis gulosus* 8 0
Lepomis macrochirus 10 0
Lepomis microlophus* 10 0
Micropterus salmoides 10 0
Percina nigrofasciata 6 1(16)
24.86 ± 14.31
7.00 ± 8.48
2.00 ± 0.00
14-17
16-21
20
w
o
* indicates fish species that were not separated for the host fish experiment. + indicates the number
of fish, with no encysted glochidia, that died before transformation. The average water temperature
during the experiment was 20.5°C ± 3°C.
~ ~ -~ ~--~~~ ~~ ~~--~-------- ~----------------------------
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only 16% of the Percina nigrofasciata exposed to the
glochidia produced juvenile mussels.
Gravid Lampsilis subangulata were found in May, June,
July, August, December, January, February, March, and April
.
and are considered bradytictic breeders (Table 3-1). On 19
May 1995, an individual L. subangulata was discovered
producing a superconglutinate in Cooleewahee Creek, Baker
County, Georgia. This was the first documentation of L.
subangulata producing a superconglutinate as described by
Haag et al. (1995). Superconglutinates were collected from
late May (1995 and 1996) to early July (1995 and 1996), when
water temperatures were between 26.0°C and 23.5°C (Table 3-
4). The glochidia remained viable for about four days after
superconglutinates were released.
Five potential host fish were identified by exposing a
total of 11 species of fish to Lampsilis subangulata
glochidia: Gambusia holbrooki, Poecilia reticulata, Lepomis
macrochirus, Micropterus punctulatus, and M. salmoides
(Table 3-5). Transformation occurred in 13 to 14 days for
G. holbrooki, 15 to 17 days for P. reticulata, 13 days for
L. macrochirus, 11 to 15 days for M. punctulatus, and 12 to
16 days for M. salmoides. Water temperatures during the
~---------------------
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Table 3-4. Dates and temperatures when Lampsilis
subangulata were found releasing superconglutinates
in Cooleewahee Creek, GA.
Date
19 May 1995
1 June 1995
22 June 1995*
23 June 1995*
16 May 1996
29 May 1996
31 May 1996
6 June 1996
15 July 1996
16 July 1996*
17 July 1996*
Number of
superconglutinates
found
4
2
1
2
o
5
24
5
1
1
1
Temperature
23.0°C
23.0°C
23.0°C
23.0°C
20.0°C
20.0°C
20.0°C
23.5°C
23.0°C
23.0°C
23.0°C
* indicates superconglutinates released in the
laboratory at u.s. Geological Survey, Gainesville, FL.
Table 3-5. Host fish and non-host fish for Lampsilis subangulata.
Number of fish
Fish species
Notropis texanus
Pteronotropis hypselopterus
Noturus leptacanthus*
Gambusia holbrooki
Poecilia reticulata
Morone saxatilis
Lepomis auri tus
Lepomis macrochirus
Micropterus punctulatus
Micropterus salmoides
Percina nigrofasciata
infested with
glochidia
6
6(+1)
5 (+3)
8 (+1)
5
5 (+1)
2
10
11
21
6
that produced
juvenile mussels (%)
o
o
o
1(12.5)
4(67)
o
o
1 (10)
11(100)
21(100)
o
Mean number of
juveniles produced
per fish ± SD
o
o
o
23.00 ± 0.00
8.23 ± 12.53
o
o
1. 00 ± 0.00
18.09 ± 16.47
40.76 ± 27.66
o
Days to
transformation
13-14
15-17
13
11-15
12-16
w
w
* indicates fish species that was not held separate during host fish experiment. + indicates the
number of fish, with no encysted glochidia, that died before transformation. The average water
temperature during the experiment was 22.5°C ± 2.5°C.
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transformation period were 22.5°C ± 2.5°C. Micropterus
punctulatus and M. salmoides were highly successful at
transforming L. subangulata glochidia. One hundred percent
of the fish of these two species exposed to glochidia
produced juvenile mussels. Sixty-seven percent of the P.
reticulata, 12.5% of the G. holbrooki, and 10% of the L.
macrochirus were successful at transforming L. subangulata
glochidia.
One host fish experiment, conducted on September 15,
1995, failed to produce any juvenile Lampsilis subangulata
even though Micropterus salmoides were exposed to glochidia
that appeared viable when tested. This may indicate that
the glochidia require the entire year to fully develop into
mature glochidia before they can effectively transform on a
fish. Future host fish experiments using L. subangulata
should avoid using glochidia that are collected during times
other than when superconglutinates are released.
Gravid Medionidus penicillatus were found at
Chickasawhatchee and Kinchafoonee creeks during the months
of September (1995), March (1996), April (1996), and
November (1996) and are therefore considered a bradytictic
breeder (Table 3-1). Gravid M. penicillatus were found when
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water temperatures were between 11.0°C and 13.0°C.
Medionidus penicillatus were observed at Chickasawhatchee
Creek in March 1996, completely out of the substrate, lying
on their umbos with their white glochidia-filled gills
pushed to the edge of the gaping shell, flapping their dark
thickened mantles (J. Brim-Box, USGS, pers. comm.). The
mantle-flapping behavior could possibly be a mechanism to
attract the proper host fish. This behavior was also
observed on a subsequent trip to collect gravid individuals
(C. O'Brien, USGS, pers. obs.).
Four potential host fish for Medionidus penicillatus
were identified from eight fish species: Gambusia holbrooki,
Poecilia reticulata, Etheostoma edwini, and Percina
nigrofasciata (Table 3-6). Transformation occurred on G.
holbrooki in 19 to 21 days, on P. reticulata in 30 to 32
days, on E. edwini in 30 to 37 days, and on P. nigrofasciata
in 29 to 33 days. Water temperatures during the experiment
were 21.5°C ± 1.5°C. Encysted glochidia were observed on
the fins of E. edwini until juvenile mussels were collected.
There were no encysted glochidia visible on the fins of P.
nigrofasciata. The glochidia remained viable two days after
they were collected from the female mussels.
Table 3-6. Host fish and non-host fish for Medionidus penicillatus.
Number of fish
Fish species
Notropis texanus
Ameiurus natalis*
Gambusia holbrooki
Poecilia reticulata
Lepomis macrochirus
Micropterus salmoides
Etheostoma edwini
Percina nigrofasciata
infested with that produced
glochidia juvenile mussels (%)
7 0
6(+3) 0
7 4(67)
5 2 (40)
5 0
7 (+2) 0
7 (#2) 5(100)
10 10(100)
Mean number of
juveniles produced
per fish ± 3D
o
0
1.5 ± 0.58
5.50 ± 0.71
0
0
10.40 ± 5.55
5.30 ± 2.45
Days to
transformation
19-21
30-32
30-37
29-33
W
0'1
# indicates the number of fish, with encysted glochidia, that died before transformation.
+ indicates the number of fish, with no encysted glochidia, that died before transformation. The
average water temperature during the experiment was 21.5°C ± 1.5°C.
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When Etheostoma edwini and Percina nigrofasciata were
exposed to Medionidus penicillatus glochidia, 100% of the E.
edwini and P. nigrofasciata tested transformed their
glochidia. Etheostoma edwini and P. nigrofasciata are
therefore considered effective host fish for M.
penicillatus. Sixty-seven percent of Gambusia holbrooki and
40% of the Poecilia reticulata transformed M. penicillatus
glochidia.
Gravid Pleurobema pyriforme were collected at
Chickasawhatchee and Kinchafoonee creeks from March to July
(1995 and 1996) and are therefore considered tachytictic
breeders (Table 3-1). Viable glochidia were collected from
P. pyriforme in water temperatures ranging from 13.0°C to
25.0°C. Glochidia remained viable for three days after
being released by the female.
Female Pleurobema pyriforme usually aborted
conglutinates after several days in captivity. Pleurobema
pyriforme conglutinates contained glochidia in several
stages of development (eggs, developing eggs, and
glochidia). Low numbers of viable glochidia made the fish
infestation process difficult. To ensure enough glochidia
were collected, at least six to seven P. pyriforme were used
in each host fish experiment.
--- ----------------------------------- -- - - -------.._---------------------------
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Three potential host fish for Pleurobema pyriforme were
identified from 11 fish species: Pteronotropis
hypselopterus, Gambusia holbrooki, and Poecilia reticulata
(Table 3-7). Transformation of glochidia occurred in 20 to
25 days on P. hypselopterus, 18 to 21 days on G. holbrooki,
and 19 days on P. reticulata. Water temperatures during the
transformation period were 23.0°C ± 3.0°C. Gambusia
holbrooki was the most effective at transforming P.
pyriforme glochidia into juvenile mussels. Fifty percent of
the G. holbrooki exposed to P. pyriforme transformed
glochidia. Forty-five percent of the P. hypselopterus and
17% of the P. reticulata produced juvenile P. pyriforme.
Glochidial Reaction to Nonindigenous Fish
Poecilia reticulata successfully transformed glochidia
from Elliptoideus sloatianus, Lampsilis subangulata,
Medionidus penicillatus, and Pleurobema pyriforme. However,
P. reticulata was not highly effective at transforming
glochidia for all of the mussel species. The percentage of
fish producing juveniles for each mussel species ranged from
67% for L. subangulata to 17% for P. pyriforme (Tables 3-
3,3-5, 3-6, and 3-7). The number of juveniles produced by
Table 3-7. Host fish and non-host fish for Pleurobema pyriforme.
Number of fish
Notropis harperi 6(+1) 0
Notropis petersoni 6 (+2) 0
Notropis texanus 6 0
Opsopoeodus emiliae 8 (+3) 0
Pteronotropis hypselopterus 11 (+2) 5(45)
Ameiurus natalis 6(+4) 0
Gambusia holbrooki 6 3(50)
Poecilia reticulata 6 1(17)
Lepomis macrochirus 6 0
Micropterus salmoides 6(+1) 0
Percina nigrofasciata 6 0
Fish species infested with
glochidia
that produced
juvenile mussels (%)
Mean number Days to
juveniles produced transformation
per fish ± 3D
0
0
0
0
4.20 ± 5.02 20-25
w
0 '0
3.33 ± 2.08 18-21
2.00 ± 0.00 19
0
0
0
+indicates the number of fish, with no encysted glochidia, that died before transformation. The
average water temperature during the experiment was 23.0°C ± 3.0°C.
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each individual P. reticulata varied considerably among
individual fish, as well as between mussel species.
Glochidial Morphology
Amblema neislerii glochidia are sub-elliptical (Figure
3-1a). The height (dorsal to ventral) is 219 ± 1.5 ~m and
the length (anterior to posterior) is 204 ± 7 ~m. The shell
surface is mostly smooth and pitting (small holes on the
surface of the shell) is minimal. Hooks are lacking (Figure
3-1b). Micropoints (small tooth-like projections) cover 80%
of the flange (a flattened region at the edge of the shell)
and are arranged in incomplete vertical rows that decrease
in number distally (Figure 3-1c).
Elliptoideus sloatianus glochidia are depressed sub-
elliptical (Figure 3-2a). The height is 153 ± 5 ~m and the
length is 173 ± 6 ~m. The shell surface is malleated and
concentric ridges occur over most of the surface. Shell
pitting is minimal. Shell hooks are absent (Figure 3-2b).
Micropoints are arranged in incomplete vertical rows and
cover 15% of the flange (Figure 3-2c) .
-----_._-----~
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Figure 3-1. Glochidium of Amblema neislerii; a. shell shape
and surface; b. underside of valve; c. flange with
micropoints.
- ---- -- ----------------------._----,---------
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Figure 3-2. Glochidium of Elliptoideus sloatianus; a. shell
shape and surface; b. lateral view; c. flange with
micropoints.
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Lampsilis subangulata glochidia are sub-spatulate
(Figure 3-3a). The height is 267 ± 8 ~m and the length is
212 ± 7 ~m. The shell surface is finely malleated and
concentric ridges occur near the umbo. Shell pitting is
present, but few in number. Shell hooks are absent (Figure
3-3b). Micropoints cover half of the flange region in
incomplete vertical rows and decrease in size distally
(Figure 3-3c).
Medionidus penicillatus glochidia are sub-spatulate in
shape (Figure 3-4a). The height of the glochidia is 298 ± 6
~m and the length is 239 ± 7 ~m. Shell surface is smooth
with minimal pitting. Shell hooks are absent (Figure 3-4b).
Micropoints are blunt lanceolate in shape and decrease in
size distally (Figure 3-4c). The micropoints are organized
in incomplete vertical rows and cover about 75% of the
flange.
The shape of Pleurobema pyriforme glochidia are sub-
elliptical (Figure 3-Sa). The height of the glochidia is
172 ± 3 ~m and the width is 164 ± S ~m. The shell surface
is mostly smooth. Slight pitting is apparent on the shell
surface. Shell hooks are absent (Figure 3-Sb). The blunt
lanceolate-shaped micropoints are arranged in an unorganized
fashion covering only a quarter of the flange (Figure 3-Sc).
44
Figure 3-3. Glochidium of Lampsilis subangulata; a. shell
shape and surface; b. lateral view; c. flange with
micropoints.
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Figure 3-4. Glochidium of Medionidus penicillatus; a. shell
shape and surface; b. lateral view; c. flange with
micropoints.
-- --------------------------------------
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Figure 3-5. Glochidium of Pleurobema pyriforme; a. shell
shape and surface; b. lateral view; c. flange with
micropoints.
DISCUSSION
Reproductive Biology
A host fish is an essential part of most freshwater
mussel reproductive cycles. In this study, a primary host
was defined as the following: 1) a fish species that
occurred in or frequented the same habitats as the mussel
during the season of glochidia expulsion, 2) was able to
successfully transform that mussel species' glochidia, and
3) more than 30% of the fish exposed to the glochidia
produced juvenile mussels. If a fish species produced
juvenile mussels, but did not frequent the same habitat as
the mussel species, or less than 30% of the fish exposed to
glochidia produced juvenile mussels, then the fish species
was considered a satellite host fish.
Glochidia from Elliptoideus sloatianus, Lampsilis
subangulata, Medionidus penicillatus, and Pleurobema
pyriforme successfully transformed on Gambusia holbrooki and
Poecilia reticulata. However, G. holbrooki and P.
reticulata are not considered primary host fish for any of
these target mussel species. Gambusia holbrooki and P.
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reticulata do not occupy or frequent the same microhabitat
as any of the target mussel species. In addition, P.
reticulata is nonindigenous to North America. Therefore, G.
holbrooki and P. reticulata are considered satellite host
fish for the four mussel species.
Amblema neislerii are tachytictic breeders. Gravid A.
neislerii were collected in May when water temperatures
reached 24.0°C. Host fish for A. neislerii were identified
as Notropis texanus, Lepomis macrochirus, L. microlophus,
Micropterus punctulatus, M. salmoides, and Percina
nigrofasciata. Amblema neislerii appears to have a low
degree of host specificity. Five of the seven fish species
tested successfully transformed glochidia.
Amblema neislerii may release a sticky web-like mass
with embedded glochidia to increase the probability of its
glochidia infesting a suitable host fish. When a fish
passes near this mass, the currents produced by the fish
cause the mass to entangle the fish, and allow the glochidia
to attach to the fish's fins and gills. Stein (1968) may
have observed a similar structure released by Amblema
plicata, which she referred to as a "placental mass". The
glochidia apparently produce the web-like mass by releasing
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a sticky larval thread. The production of larval threads by
glochidia has also been reported for Strophitus subvexus
(Haag and Warren 1997), Anodonta cygnea (Wood 1974), and
Anodontoides ferussacianus (Hove et al. 1995).
Elliptoideus sloatianus are tachytictic breeders.
Mature glochidia were collected from E. sloatianus from late
February through mid-April when water temperatures ranged
from 8.0°C to 15.0°C. Elliptoideus sloatianus released
rigid conglutinates comprised of eggs in early February.
The V-shaped conglutinates were similar to those described
for Pleurobema collina (Hove and Neves 1994).
The primary host fish for Elliptoideus sloatianus
remains unknown, indicating that it may have a high degree
of host fish specificity. Only three of the fourteen fish
species tested successfully transformed glochidia: Gambusia
holbrooki, Poecilia reticulata, and Percina nigrofasciata.
Even though P. nigrofasciata occur in the same microhabitat
as E. sloatianus, P. nigrofasciata is considered a satellite
host fish because only two glochidia transformed from one P.
nigrofasciata. A glochidia transformation rate of 16% may
not be sufficient to support a population of E. sloatianus.
Future host fish studies for E. sloatianus should re-examine
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P. nigrofasciata as a potential primary host fish and test
other coexisting darter species (e.g., Etheostoma beani, E.
edwini, E. fusiforme, E. swaini, and E. parvipinne) as
potential host fish.
Lampsilis subangulata are bradytictic breeders. Gravid
L. subangulata were found May, June, July, August, December,
January, February, March, and April. Superconglutinates
were released from late May to early July when water
temperatures were between 20.0°C and 23.5°C.
Lampsilis subangulata glochidia transformed on Gambusia
holbrooki, Poecilia reticulata, Lepomis macrochirus,
Micropterus punctulatus, and M. salmoides. However, only M.
punctulatus and M. salmoides are considered primary host
fish. Micropterus punctulatus and M. salmoides were highly
effective at transforming glochidia. One hundred percent of
the M. punctulatus and M. salmoides produced juvenile
mussels. Lepomis macrochirus were considered a satellite
host because they were ineffective at transforming
glochidia. Only one juvenile mussel was produced from a
single L. macrochirus when they were exposed to L.
subangulata glochidia.
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The identification of Micropterus punctulatus as a
primary host fish is of special interest because M.
punctulatus is not native to, but is presently well
established in the range of Lampsilis subangulata. Morone
saxatilis is a native piscivorous fish species that was
identified as a non-host fish for L. subangulata. It is a
slightly more aggressive fish than M. punctulatus and M.
salmoides. The presence of M. saxatilis in areas where L.
subangulata occurs could be detrimental to L. subangulata
reproduction if M. saxatilis supplemented the other two bass
species, and contact with a superconglutinate did not
produce juvenile mussels.
The unique reproductive strategy of Lampsilis
subangulata makes it vulnerable to habitat alterations.
Lampsilis subangulata attracts piscivorous host fish by
displaying a visual lure that requires water current (Haag
et al. 1995). Increased water turbidity or lack of flowing
water would interfere with the reproduction of L.
subangulata (Haag et al. 1995).
Medionidus penicillatus are bradytictic breeders.
Gravid M. penicillatus were collected September, November,
March, and April when water temperatures were between 11.0°C
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and 13.0°C. Medionidus penicillatus glochidia transformed
on Gambusia holbrooki, Poecilia reticulata, Etheostoma
edwini, and Percina nigrofasciata, but only the latter two
species occur in the same microhabitat as M. penicillatus.
These two species are therefore both considered primary host
fish. Future host fish experiments should test Etheostoma
fusiforme and E. swaini as potential hosts for M.
penicillatus.
The reproductive strategy employed by female Medionidus
penicillatus could also make this species more susceptible
to habitat alterations. Medionidus penicillatus visually
lures host fish by waving a dark mantle flap next to swollen
white gills. Increases in water turbidity could alter the
effectiveness of the lure, and thereby reduce the success of
glochidia attachment. Medionidus penicillatus also requires
host fish belonging to the Percidae family. Angermeier
(1995) found that fish species belonging to the darter or
minnow groups are more vulnerable to extinction based on
their physiographic range. If the host fish population is
absent or in low densities, reproduction for that particular
mussel species may be impossible (Weiss and Layzer 1995).
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Pleurobema pyriforme are tachytictic breeders. Gravid
P. pyriforme were collected from March to July when water
temperatures ranged from 13.0°C to 25.0°C. Pleurobema
pyriforme appears to have a high host specificity. Only
three of the eleven fish species successfully transformed
glochidia. Aside from Gambusia holbrooki and Poecilia
reticulata, Pteronotropis hypselopterus was the only fish
species that successfully transformed glochidia. Therefore,
P. hypselopterus was identified as a primary host fish for
P. pyriforme. Future host fish experiments should test
other coexisting cyprinids as potential hosts for P.
pyriforme.
Pleurobema pyriforme releases white to pinkish
conglutinates with eggs and mature glochidia. Similar
conglutinates were described for P. cordatum (Yokley 1972),
P. furvum (Haag and Warren 1997), P. collina (Hove and Neves
1994), and Fusconia cuneolus (Bruenderman and Neves 1993).
The release of glochidia via conglutinates are thought to be
a mechanism to attract host fish. The conglutinates
resemble pieces of food for minnows and darters as they
drift passively in the stream current. When fish attempt to
consume the conglutinate, the glochidia attach to the fish
(Hove and Neves 1994, Haag and Warren 1997) .
-------------
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The reproductive biology of Pleurobema pyriforme could
also render this species more susceptible to habitat
alterations. Pleurobema pyriforme release conglutinates
that require water currents to effectively attract host fish
(Haag and Warren 1997). Pleurobema pyriforme also requires
a primary host fish belonging to the cyprinidae family. As
discussed earlier, minnows and darters are more vulnerable
to extinction, which could have a negative effect on P.
pyriforme reproduction (Angermeier 1995, Weiss and Layzer
1995) .
Glochidial Reaction to Nonindigenous Fish
Preliminary results of this study indicate that
Poecilia reticulata, a nonindigenous species to North
America, acted as a host fish under laboratory conditions
for four of the mussel species tested. The only other
record of P. reticulata serving as a host fish for a North
American mussel species was a result of work done by Tompa
(1979). Tompa (1979) identified P. reticulata [Lebistes
reticulatus] as a host fish for Lasmigona compressa.
More native mussel species need to be tested with other
nonindigenous fish species of North America before
-----~-~~-~-~--~--~------------------ ~-------------------------------------------
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conclusions are made. It remains uncertain that fish
species nonindigenous to North America can serve as
effective universal host fish for native North American
unionids. Therefore, current efforts should continue to
focus on determining the native host fish for North American
unionids because they are not only highly effective as
hosts, but many mussel species have adapted specific
mechanisms to attract native host fish (Coker et al. 1921,
Kraemer 1970, Jansen 1990, Haag et al. 1995, Hartfield and
Butler 1997) .
For example, only 67% of the P. reticulata produced
juvenile mussels when exposed to Lampsilis subangulata
glochidia. However, when native host fish, Micropterus
puntulatus and M. salmoides, were exposed to L. subangulata
glochidia, 100% produced juvenile mussels. Lampsilis
subangulata also displays a superconglutinate to attract a
piscivorous host fish. The superconglutinate would not be
an effective lure to attract P. reticulata.
Glochidial Morphology
Glochidia photos from the five mussel species provided
enough information to distinguish species. Amblema
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neislerii and Pleurobema pyriforme glochidia are both sub-
elliptical in shape (Figures 3-1a and 3-5a, respectively).
However, A. neislerii can be distinguished from P. pyriforme
by the larger shell size.
stein (1968) reported the glochidia shell morphology of
Amblema plicata was similar to Elliptio dilatata. Hoggarth
(1988) described the shell shape of E. dilatata glochidia as
sub-elliptical and height and length measurements similar to
A. neislerii. Comparisons of the shell surface and
micropoints are difficult to discuss because the photos of
E. dilatata do not show enough detail. Based on the
information available, it appears that A. neislerii
glochidia have a shell shape and size similar to other
species in its genus.
The sub-elliptical shell shape and size of Pleurobema
pyriforme appears to be similar to that of P. corda tum
(Yokley 1972). However, P. pyriforme glochidia are about 20
~m (length and width) larger than P. cordatum glochidia. A
comparison of shell surfaces was unavailable because the
pictures provided by Yokely (1972) did not present the
glochidium in enough detail. Based on the information
available, it appears that P. pyriforme glochidia have a
shell shape and size similar to other species in its genus.
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The glochidial morphology of Elliptoideus sloatianus is
of special interest because it is a monotypic species
(Clench and Turner 1956, Burch 1973). Elliptoideus
sloatianus glochidia can be distinguished from Amblema
neislerii and Pleurobema pyriforme because the shell shape
is depressed sub-elliptical and the surface is finely
malleated with concentric ridges (Figure 3-2a).
The depressed sub-elliptical shell shape of
Elliptoideus sloatianus appears to be most similar to
Elliptio raveneli (Porter and Horn 1980), Epioblasma
brevidens, and Epioblasma capsaeformis (Hoggarth 1988) .
However, E. sloatianus glochidia are slightly smaller.
Shell surface found on E. sloatianus is similar to the shell
surface of Epioblasma triquetra and E. capsaeformis. The
shell surface of E. sloatianus could not be compared with E.
raveneli because the photos of E. raveneli were taken under
a light microscope.
Sub-spatulate Lampsilis subangulata and Medionidus
penicillatus glochidia are similar in shape and size
(Figures 3-2a and 3-3a). The shell morphology of L.
subangulata and M. penicillatus is consistent with other
Lampsiline glochidia (Ortmann 1911, Surber 1912, Porter and
~---~--~--- --------------------------
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Horn 1980, Waller et al. 1988). However, surface of L.
subangulata glochidia is finely malleated and has concentric
ridges near the umbo, which is lacking in M. penicillatus.
The surface texture of L. subangulata glochidia is similar
to the sculpturing found on L. higginsi, L. radiata, and L.
ventricosa glochidia (Waller et al. 1988).
Unfortunately, there is not enough information to
distinguish the glochidia of the target mussel species from
any of the other species that occur in the ACF and
Ochlockonee river drainages. Amblema neislerii,
Elliptoideus sloatianus and Pleurobema pyriforme have
glochidia shapes that might be confused with glochidia from
the genus Elliptio, which is common in the ACF and
Ochlockonee river drainages (Burch 1973). The glochidia
shapes of Lampsilis subangulata and Medionidus penicillatus
are similar the other Lampsiline glochidia found in the ACF
and Ochlockonee river drainages (Burch 1973). Photographs
of other species' glochidia from the ACF and Ochlockonee
river drainages need to be taken and compared before the
glochidia species can be identified.
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Future Studies
Many questions surrounding the reproductive biology of
freshwater mussels, especially the five proposed mussels in
this experiment, remain unanswered. For example, the
preferred microhabitats for juveniles are unknown. In many
cases, locating the juvenile mussels in situ has been a
difficult task. Studies need to focus on the time frame
when the juvenile mussel drops from the host fish until the
mussel grows to a juvenile. This information could help
determine whether the habitat is suitable for the survival
of juvenile mussels.
Confirmations of host fish are an important part of
host fish studies. Confirmed host fish are fish species
that successfully transformed glochidia in laboratory
experiments and have been collected from streams with
encysted glochidia (natural infections) of the same mussel
species it produced juvenile mussels for in the laboratory
(Weiss and Layzer 1995). Host fishes listed in this study
were only determined through laboratory experiments and are
therefore not confirmed hosts. A study identifying natural
infections of Amblema neislerii, Elliptoideus sloatianus,
Lampsilis subangulata, Medionidus penicillatus, and
Pleurobema pyriforme glochidia on the host fish species
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identified in this study will provide conclusive evidence to
confirm the fish species as a host.
Host fish identification for endangered and threatened
mussels is an important component of their recovery. By
understanding the specific reproductive requirements of
freshwater mussels (e.g., required host fish, mechanisms for
attracting host fish), streams with low densities of host
fish or alterations which interfere with the mussel's
ability to attract a host fish can be identified as streams
at risk of losing their mussel populations. When disturbed
streams have been identified, conservation efforts can then
be implemented in order to save the mussel, as well as host
fish populations.
-- --- - ---~_._----------------_._----_...-_ ....._.._--------------_.
APPENDIX A
SITE RECORDS FOR MUSSEL COLLECTIONS
The following is a list of sites where each mussel
species was collected for this project. Specific locality
data is presented for each site.
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Appendix A-1. sites where mussel species were collected.
stream Locality County state Species
Apalachicola Brickyard Island, Franklin FL A. neislerii
- 5 air miles ssw
of Sumatra.
Chickasawhatchee Co. Rt. 130 crossing Dawson GA L. subangulata
- 5 air miles ssw of M. penicillatus
Dawson. P. pyriforme
Cooleewahee Co. Rt. 91 crossing Baker GA L. subangulata
- 3 air miles E of
Newton.
Kinchafoonee Co. Rt. 41 crossing Webster GA L. subangula ta
- 1 air mile S of M. penicillatus
Preston. P. pyriforme cJ)N
Kinchafoonee Co. Rt. 45 crossing Webster GA L. subangula ta
- 1 air mile WSW of M. penicillatus
Preston. P. pyriforme
Ochlockonee FL Rt. 153/157 Leon FL E. sloatianus
crossing - 5 air
miles NW of
Tallahassee.
Ochlockonee FL Rt. 27 crossing Leon/Gadsden FL E. sloa tianus
- 10 air miles NW
of Tallahassee.
APPENDIX B
SITE RECORDS FOR FISH COLLECTIONS
The following is a list of sites where each fish
species was collected or purchased for this project.
Specific locality data is presented for each site.
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Appendix B-1. sites
stream/Hatchery
Barnett's Creek
where fish species
Locality
Pendergast Rd.
crossing ~ 5.5
air miles W of
Ochlockonee.
were collected or purchased.
County state Species
Grady/Thomas GA N. texanus
o. emiliae
N. leptacanthus
L. auritus
Bear Creek
Jones Creek
FL Rt. 267 Gadsden
crossing ~ 7 air
miles S of Quincy.
st. Rd. 300 Worth
crossing ~ 20 air
miles SW of Cordele.
FL
GA
P. hypselopterus
E. edwini
P. nigrofasciata
N. texanus
P. nigrofasciata
Tired Creek
Ichetucknee Spring
Cordele Fish
Hatchery
u.S. Geological
Survey
Welaka Fish
Hatchery
GA Rt. 111 ~ 6
air miles S of
Cario.
South side of
FL Rt. 20.
Cordele, GA.
Gainesville, FL.
Welaka, FL.
Grady
Suwannee
Crisp
Alachua
Putnum
GA
FL
GA
FL
FL
N. texanus
P. nigrofasciata
N. harperi
N. petersoni
M. punctula tus
M. robustum
M. saxa tilis
G. holbrooki
L. macrochirus
L. microlophus
M. salmoides
(J)
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